Two new sesterterpenes, ophiobolin O (1) and 6-epi-ophiobolin O (2), together with the known ophiobolins G (3), H (4), and K (5), and 6-epi-ophiobolin K (6) were isolated from the marine derived fungus Aspergillus sp. The structures of these compounds were elucidated based on chemical and physicochemical evidence, including MS, UV, IR and NMR spectra. The stereochemistry of 1 was further confirmed by catalytic reaction of 5 with p-TsOH as a catalyst. Compounds 1 to 6 showed cytotoxicity against mouse leukemia cell line P388, with IC 50 values of 4. 7, 9.3, 24.6, 105.7, 13.3 and 24.9 μM, respectively.
The ophiobolins are a group of sesterterpenes with a tricyclic [5・ ・ 8 5] ring system. They show a broad spectrum of inhibitory activity against nematodes, fungi and bacteria, and cytotoxic activity against cancer cells [1] [2] [3] . The first member of this family was ophiobolin A, which was isolated from Ophiobolus miyabeanus by Nakamura in 1958 [4] . Most of the ophiobolins reported in the literature were isolated from terrestrial materials. As an alternative, marine microorganisms are known as rich sources of chemically and biologically diverse compounds [5] . It is easily understood that some of them can produce ophiobolins as secondary metabolites [2, 6, 7] .
During our study on the symbiotic relationship between Zoanthus and its related microorganisms, an endophytic fungus was isolated from the body of Zoanthus and identified as Aspergillus sp. Studies of this genus in the past decades showed that it can produce a large variety of extrolites, including secondary metabolites, acids, proteins and extracellular enzymes [8] . However, only four novel sesterterpenes, ophiobolins G (3), H (4) [6] , K (5) and 6-epiophiobolin K (6) [7] , were reported from Aspergillus sp. In our study of the secondary metabolites of Aspergillus sp, two new sesterterpenes, ophiobolin O (1) and 6-epi-ophiobolin O (2), together with the known ophiobolins, 3, 4, 5, and 6 were isolated using HPLC systems ( Figure 1 ). Herein, the isolation, structure elucidation, and cytotoxic activity of these two new ophiobolins are reported.
Compound 1 was isolated as colorless oil. Its molecular formula was established as C 27 H 42 O 4 (7 degrees of unsaturation) by HRFABMS in conjunction with NMR analysis. The IR absorption spectrum of 1 showed the characteristic band of a hydroxyl group (3449 cm -1 ). The 1 H and 13 C NMR spectra, including DEPT and HSQC, showed seven methyls, including two oxygenated methyls (δ H = 3.23 and δ C = 50.5, δ H = 3.45 and δ C = 55.6, respectively), five methylenes, ten methines, including one oxygenated sp 3 methine, and four sp 2 methines, and five quaternary carbons with two sp 2 carbons ( Table 1 ). The chemical shifts of C-5 (δ C = 120.8) and C-21 (δ C = 107.5) were observed at very low field; both were sp 3 quaternary carbons indicating that they were anomeric carbons.
COSY experiments showed that H-2 gave clear correlation signals to H α,β -1 and H-6, suggesting the connection of carbons 1-2-6. Strong signals between H-8 and H α,β -9, H-10 and H α -9, H-10 and H-14 confirmed the connection of carbons 8-9-10-14. Connection between carbons 12 and 13 was supported by the correlation signals between H α,β -12 and H α,β -13. The correlation signals from H-15 to H-18, together with a signal between H-15 and CH 3 -23, suggested a 23-15-16-17-18 carbon chain. It was hard to detect the connection between C-13 and C-14 because of only very weak signals between H α,β -13 and H-14; the correlation signal between H-14 and H-15 was not found.
In the HMBC spectrum of 1, clear correlation signals were found from H-2 to C-3, H α,β -4 to C-2, C-3, C-5 and C-6, H-6 to C-3 and C-5. Together with the COSY data, ring A was suggested. Similarly, correlation signals of H-6 to C-7 and C-8, H-8 to C-6, H α,β -9 to C-7 and C-11 were also observed. H-1, H α,β -2 and H-10 all showed correlation signals to C-11. This provided strong evidence for ring B. Diagnostic HMBC, from H α,β -12 to C-10, C-11 and C-14, H α,β -13 to C-10 and C-14, together with COSY results revealed the existence of ring C. Clear HMBC correlation signals were shown from H 3 -24 to C-18, C-19 and C-25, H 3 -25 to C-18, C-19 and C-24. In the DEPT experiment, C-19 was a sp 2 quaternary carbon, and C-18 was a methine. This suggested that both methyls connected to C-19. In the same way, clear correlation signals were observed from H 3 -23 to C-14, from H-15 to C-10 and C-13, from H-10 and H α,β -13 to C-15, from H-14 to C-16 and C-23. These provided clear evidence that there was a connection between C-14 and C-15. The correlation signals from H-21 to C-5 and C-6, from H-6 to C-7 and C-21, together with two anomeric carbons (C-5 and C-21) suggested that part of the structure was a furan ring.
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The strong HMBC correlation signals from H 3 -22 to C-1, C-10, C-11 and C-12 showed that the CH 3 -22 was connected to C-11. Since H 3 -20 was correlated to C-2, C-3 and C-4, it was apparent that CH 3 -20 was connected to C-3. Furthermore, a strong correlation signal of H 3 -26 (δ H = 3.23 ppm) to C-5 suggested that the oxygenated CH 3 -26 was connected to C-5. Clear correlation signals from H 3 -27 (δ H = 3.45 ppm) to C-21 and H-21 to C-27 confirmed that the oxygenated CH 3 -27 was connected to C-21. The correlation signals from H-21 to C-5 indicated the formation of an ether bond between C-21 and C-5. The chemical shift of C-3 observed at low field (δ C = 79.7 ppm) suggested that C-3 was an oxygenated carbon. Together with the molecular formula, it was obvious that there was only one proton free. It then could be summarized that the OH group was connected to C-3. The COSY and key HMBC correlations of 1 are shown in Figure 2 .
The detailed analyses of the 1 H and 13 C NMR spectra of 1, including the results from COSY, TOCSY, HMBC and HSQC experiments, suggested that 1 was a sesterterpene with a tricyclic ophiobolane skeleton, a five member cyclic 2,5dimethoxytetrahydrofuran ring and a 2-methylhepta-2,4-dien-6yl group (Figure 1 ).
The stereochemistry of 1 was elucidated by detailed analysis of the NOE spectrum. It showed correlations between H β -9 and H 3 -22, between H-6 and H-2, H β -9 and H 3 -22, and between H α -9 and H-10. These NOE signals were clear indications that the eight-memberedring was condensed in an A/B cis-fusion manner. It has been reported that the 13 C chemical shifts of C-1 and CH 3 -22 are always observed at higher field when the ophiobolins have A/B cis rings rather than A/B-trans rings [2, 9] . The chemical shifts of C-1 (δ C = 36.2 ppm) and CH 3 -22 (δ C = 18.5 ppm ) in 1 also followed this rule.
Together with the clear NOE correlation between H-10 and H-14, it was concluded that both protons were on the same side. Furthermore, H 3 -23 showed NOE correlation with both H-14 and H-16. NOE correlation signals were also observed for H 3 -20 with H β -4 and H-2, and OH-3 with H α -1 and H α -4 ( Figure 3 ).
The orientation of the 5-OH in compound 4 was first assigned as α [6] , but Wei et al. [2] stated that this would not give a good corelationship with the other NOE correlation signals if the 5-OH were on the α side. Their suggestion of a β side OH explained the presence of the NOE correlations. In our study, the 5-OH in 4 showed strong NOE correlation with H β -9, which further supported that the 5-OH should be on the β side. The chemical shifts of both H and C in compounds 1, 4 and 5 were similar, except those at positions 5 and 21, which have different substitutive groups. In reference [2] , it was shown that compound 4 could be afforded from 5 with reduction, suggesting an identical stereochemistry of these two compounds, except for the reacted moiety. The successful reduction of the novel sesterterpene, variecolin to variecolol also supported this conclusion [10] . In this work, we carried out the catalytic reaction shown in Figure 4 . Based on TLC, HPLC, FABMS and NMR comparisons, we confirmed that compound 1 could be afforded from 5 with 45% yield, which is apparently an indication that 1 and 5 possess the same stereochemistry. This evidence strongly supported the conclusion that compounds 1, 4 and 5 retain the same stereochemistry.
Similarly, the orientation of the oxygenated CH 3 -26 in 1 was also deduced as the β position using the same method, together with the reduction reaction. A strong NOE signal between H 3 -26 and H-21 suggested that the two oxygenated methyls were on different sides. Then the stereochemistry of 1 was finally confirmed as in Figure 1 . Following the normal naming rule of ophiobolins [1] depending on the order of discovery and their stereochemistry, compound 1 was given the name ophiobolin O. Compound 2 was isolated as colorless oil. Its molecular formula was also established as C 27 H 42 O 4 (7 degrees of unsaturation) by HRFABMS, together with NMR analysis. The IR spectrum of 2 showed a characteristic band of a hydroxyl group (3478 cm -1 ). The 1 H and 13 C NMR spectra, including DEPT and HSQC, showed seven methyls, including two oxygenated methyls (δ H = 3.33 and δ C = 50.5, δ H = 3.44 and δ C = 55.4), five methylenes, ten methines, including one oxygenated sp 3 methine, and four sp 2 methines, and five quaternary carbons with two sp 2 carbons (Table 1) . Furthermore, the chemical shifts of C-5 (δ C = 120.2) and C-21 (δ C = 110.2) observed at very low field suggested that both of them were anomeric carbons. This evidence suggested that compound 2 should have the same molecular formula as 1.
The detailed analysis of the 1 H and 13 C NMR spectra of 2, including the results from COSY, HMBC ( Figure 2) and HSQC experiments, suggested that 2 was also a sesterterpene having a tricyclic ophiobolane skeleton. The 1 H and 13 C NMR data of compound 2 were similar to those of compound 1, suggesting that both compounds have the same planar structures.
The stereochemistry of 2 was also elucidated by detailed analysis of the NOE spectrum. The NOE data of 2 showed correlation signals of H β -9 and H 3 -22, of H-2 and H 3 -22, and of H-6 and H-10. These NOE correlations, together with very weak correlation between H-2 and H-6, clearly indicated that the eight-membered-ring was an A/B trans-ring. The chemical shifts of C-1 (δ C = 44.9 ppm) and CH 3 -22 (δ C = 23.1 ppm) in 2 at lower field also supported this conclusion. A clear NOE signal of H-10 and H-14 showed that both protons were on the same side. It was also evident, from NOE correlation signals, that H-14 was on the same side as H 3 -23 and H-16. That was true for H 3 -20 and H-2, H 3 -26 and H-21 ( Figure 3) .
The 1 H and 13 C chemical shifts of compounds 2 and 6 were similar except for those at positions 5 and 21, which have different substituent groups. This suggested that both compounds should have the same stereochemistry at other chiral centers except C-5 and C-21. On the other hand, NMR spectral comparison between 1 and 2 also suggested that both compounds shared the same stereochemistry, except C-6. In compound 2, the orientation of the oxygenated CH 3 -26 was deduced as β, which was the only reasonable possibility to explain the other NOE correlation signals. Also, the strong NOE signal between H 3 -26 and H-21 suggested that the two oxygenated methyls were on different sides. Then the stereochemistry of 2 was finally confirmed as in Figure 1 .
Following the normal naming rule of ophiobolins [1] , compound 2 was given the name 6-epi-ophiobolin O.
Compounds 1 to 6 showed cytotoxicity against mouse leukemia cell line P388 with IC 50 values of 4.7, 9.3, 24.6, 105.7, 13.3 and 24.9 μM, respectively; the positive control, vincristine, was around 120 μM, which was similar to reference [11] .
Experimental

General experimental procedures:
Optical rotation was conducted on a JASCO model P-1030 polarimeter. UV/visible spectra were measured on a JASCO V-550 UV/Vis spectrometer. IR spectra were recorded on a JASCO FT-IR model 420 spectrometer. 1 H (400 MHz) and 13 C NMR (100 MHz) spectra were obtained on a JEOL ECX400 NMR spectrometer, using solvent peaks as reference standard. MS were obtained on a JEOL JMS-700P FAB MS spectrometer.
Fungal isolation and culture:
The fungal strain was isolated from a Zoanthid, Zoanthus, collected at Ayamaru Cape, Amami Island, Kagoshima Prefecture, Japan in April 2003. This microorganism was identified as Aspergillus sp. by partial sequence analysis of both 28S rDNA-D1/D2 and ITS-5.8S rDNA, followed by GenBank/DDBCJ/EMBL, which was judged by the fungal classification company TechnoSuruga Co., Ltd. A voucher specimen was deposited at Tokyo University with the code ZTF007-1. The fungus was cultured (1L*10) for 2 weeks (static) at 37°C in PWS medium consisting of soluble starch (1.0 %), peptone (0.1 %) and sea-water (60 %).
Extraction and isolation:
The mycelium and broth were separated by gauze filtration. The mycelium was extracted with acetone-MeOH (v/v = 1/1) to afford mycelium extract (1.2 g), which was
